1 The Beijing-Tianjin-Hebei region is facing a very serious air pollution problem. To obtain the 
Literature on air pollutant forecasting has mainly focused on hourly (or daily) data. The 48 annual data forecasting of air pollutants were not available, which is the research gap of the air 49 pollutant forecasting field. To bridge this gap, long term air quality forecasting is necessary. What's 50 more, areas affected by air pollution in China are much larger than those cities in Britain and the 51 United States. Addressing air pollution in China is much more complicated than that in European and American countries. And it's also hard to solve the problem in a short term (Chinadaily, 53 2017a). Long-term management mechanisms should be put into place. Therefore, long term air 54 quality forecasting is also necessary. In this paper, the annual data forecasting of the air pollutants 55 (PM 2.5 , PM 10 , SO 2 , NO 2 , 8-hour O 3 , and 24-hour O 3 ) is carried out.
56
FGM(1,1) appeals considerable interest in recent researches due to its effectiveness in short Handan, Hengshui, Tangshan, and Langfang) in Hebei made the top-ten worst polluted city chart 83 (Chinadaily, 2014) . In 2016, all of the top ten cities with the worst air quality are in northern 84 China, with six of them located in Hebei. They are Xingtai, Shijiazhuang, Baoding, Handan,
85
Hengshui, and Tangshan (Chinadaily, 2017b 
115
Given a non-negative time series
elling process is as follows (Wu et al., 2013b).
117
Step 1: By using
, the r-order accumulation sequence is
where
The original time series has been represented by superscription (0). The r-order accumulation time 118 series has been represented by superscription (r).
119
Step 2: For the r-order accumulation sequence X (r) , the first-order differential equation with one variable (i.e., the FGM(1,1) model) can be expressed as below:
Where a is a coefficient for the development and b is the grey action quantity. The solution of
Because the least squares estimate minimizes the sum of the squared residuals, the parameters 120 are obtained by using the least squares. The unknown parametersâ,b can be solved by using the 121 following formulas:
Step 3: Inputtingâ andb into the time response function
x (r) (k + 1) is the fitting value at time k + 1.
124
Step 4:
Step 5: The mean absolute percentage error (MAPE) is used for evaluating the models, which is calculated as:
When r = 1 , FGM(1,1) is the traditional GM(1,1). respectively. The FGM(1,1) modelling process is as follows.
132
(1) The average annual concentration of SO 2 is X (0) = {88.4, 62.2, 48.5, 45.3}. The 0.1-order
.4, 71.0, 59.6, 56.9}.
134
The unknown parametersâ,b can be solved by the following formulas: 
(2) Then, the time response function iŝ 
We can obtain The predictive sequence iŝ 
142
Then FGM(1,1) is used to predict the average annual concentrations of SO 2 from 2017 to 2020.
143
The predictive results of SO 2 in the Taihang-Mountain-adjacent region are listed in Table 2 . Table 3 ). The average annual concentration of SO 2 is lower 160 than the Level II concentration limit, and has a downward trend. The average annual concentra- region.
173
The change trend of air quality indicators in the Bohai Sea region is shown in Fig.3 . It shows 
Conclusion

212
The fitting accuracy of the FGM(1,1) model is significantly higher than that of the traditional air pollutants, while also ensuring that the concentrations of the other pollutants do not increase.
224
Only when all of the air pollutants are controlled, can the best air quality be achieved.
225
In respect of the future work, one suggestion is that the modelling results will be put in 
